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Abstract 

The electromagnetic current of bound systems in the light-front is constructed 
in the Breit-Frame, in the limit of momentum transfer q + = (q° + q 3 ) van- 
ishing. In this limit, the pair creation term survives and it is responsible for 
the covariance of the current. The pair creation term is computed for the j + 
current of a spin one composite particle in the Breit-frame. The rotational 
symmetry of j + is violated if the pair term is not considered. 
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The electromagnetic current in the light-front can be constructed from the covariant 
Feynman one-loop triangle diagram, which is integrated in the k~(= k° — k 3 ) component 
of the internal loop momentum |1|-|J. The Cauchy integration just includes the residue at 
the pole of the forward propagating spectator particle in the photon absorption process for 
q + = 0. It is understood that it is possible to eliminate pairs created out or annihilating 
into the vacuum, which leads to a description in terms of of a two-particle light-front wave- 
function mUm. In general, this procedure keeps the covariance under kinematical boost 
transformations, but the current loses its physical properties under general rotations and 
parity transformations. As we will show, the pair terms should be evaluated for the full 
covariance of the current. 

Long ago, the problems with the naive Cauchy integration of k~ in momentum loops, 
which takes into account only the residue at the pole of the forward propagating particle, had 
been addressed in Ref. ||. However, in that work, it was not discussed the electromagnetic 
current. The purpose of our work is to derive the pair creation terms. They are responsible 
for the covariance of the photon absorption process in the light-front. We show how the pair 
terms maintain the rotational symmetry of the "good" -component of the electromagnetic 
current |J in the Breit-frame for a spin one two-fermion composite system. In this case 
the angular condition is valid. The angular condition has been discussed in the context of 
the Hamiltonian light-front dynamics |7HlO . 



We begin our discussion with an illustrative example, where a pair term appears. We 
show that, the j~{= j° — j 3 ) component of the current of a two-boson bound state has 
contribution from the pair term in the Breit-frame with momentum transfer such that q + = 
q~ = 0. This completes a previous work on the subject |IJ, where j + and j± have been 
calculated from the triangle diagram. For these components only the contribution from the 
residue corresponding to the forward propagating boson survives in the Cauchy integration 
over k~ in the momentum loop. The calculation have been done in the Breit-frame, where 
the momentum transfer is along the transverse direction x; q^ = (0,q x ,0,0). No pair 
terms survive for j + and j±, which is not valid for j~. The current j~ is known to be the 



"bad" -component of the current ||, thus in principle it receives contribution from the pair 
term. It is not apparent how such term appears for q + = 0, and to obtain it, a careful 
analysis of the limit q + —>■ is required. 

The j "-component of the electromagnetic current is given by: 

r = T 2[^k_ (2k-P'-P)~ 

J J (2Tr) i (k 2 -m 2 + ie)((k-P) 2 -m 2 + ie)((k-P') 2 -m 2 + ie) ' 1 ' 

where P and P' are the initial and final quadri-momenta of the composite boson; V is the 
vertex of the composite state and m is the boson mass. 

The integral, Eq. (U), in the light-front coordinates, k + and k~, is written as 



rd 2 k L dk+dk~ (2k-P'-P)~ 

1 2(2vr) 4 k+(P+ - k+)(P'+ - k+)(k- - ^) U 

h-K \(T>'- U- /3-*e ' 



where fi = k^ + m 2 , f 2 = (P — k^ + m 2 , f% = (P — A;)^_ + m 2 . The Cauchy integration 
over k~ in Eq.(|]) has two nonzero contributions to the residue calculation, one coming from 
the interval < k + < P + (I) and another from P + < k + < P >+ (II). We use q + nonzero 
with P' + = P + + q + , and let then q + goes to zero, such that the Breit-frame is recovered. 
Surprising, the contribution from (II) is nonzero in the above limit. 

The Cauchy integration in k~ for < k + < P + (I), receives contribution from the 
residue at the forward propagating on-mass-shell pole of the spectator particle in the photon 
absorption process. This pole is placed in the lower semi-plane of complex-/c _ at k~ = 
(fi — it)/k + . It is the only pole which contributes to the Cauchy integration in j + and j± 
in the limit of vanishing q + |T[. The Cauchy integration of j~ in region (I) results 



._, |;2 , d 2 k ± dk+ [V\ - k + (P'- + P-)] g(P + - k+)6{k+) 

' ' ! 2{2nf ^ (P+ _A;+)(P'+-A;+)(P--A__^_) ( p'-_ A __^_) ■ C) 



The second contribution to the Cauchy integration of k~ in Eq.(^|) comes from the region 
(II) where P + < k + < P + . The integration can be performed in the upper half of the 
complex-A;~ plane. Only the residue at the pole k~ = P ~ — (fa — it) / (P' + — k + ) contributes 
to the Cauchy integration, 
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The physical process represented by Eq.fl^) is the pair creation by the photon. The de- 



nominator 



h 



h 



P- - P 



corresponds to the forward propagator of the 



_P+-k+ P+-k+ 

virtual three-particle system composed by the initial bound state, the antiparticle and the 



particle produced by the incoming photon. The denominator 



P'-- 



h 



A 

k+ 



is the 



p'+-k+ 

forward propagator of the virtual two particle system, which composes the bound light-front 
wave-function in the final state. 

Before performing the limit of q + — > 0+, we make the following variable transformation, 
x = {k + — P + )/q + . Eq. (||) becomes 

" -2/ 3 + q+(l - x)(P'- - P-)] 6(1 - x)9(x) 
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In Eq.(P) the limit q + — > + can be done, resulting 
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d 2 k±dx 6(1 — x)6(x) 



P+J (2tt)3 X f 3 + (l- x )f 2 P+J (2vr)3 f 3 -f. 



d 2 k ± ln(/ 3 )-ln(/ 2 



(6) 



The sum of j 1 and j 11 is equal to the covariant expression Eq.(|l]), j~ 
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The pair term assures the correct parity transformation properties of the current in the 
light-front. The parity operator for the transformation of z into —z is of non-kinematical 
nature, consequently one expects that parity properties coming from this operation are 
destroyed, if pair terms are neglected. Below, we illustrate this point. Consider the integral 

dk + dk~ k+ - k~ 



(7) 



2(2vr) 2 (k 2 -m 2 + ie)((k - P) 2 - m 2 + ie)((k - P') 2 - m 2 + te) ' 

that vanishes in the Breit-frame where q + = q~ = 0. The argument of the integral is 
odd under the transformation of k 3 — > —k 3 (k 3 = (k + — k~)/2). However, if the Cauchy 
integration is performed in k~ taking into account only the residue at the pole k~ = (j\ — 
ie)/k + for < k + < P + , it results nonzero 



p+ dk+ k+ ~w 



47T k+(P+ - fc+)(P+ - fc+)(P" - A _ p ^ F )(P- — pr — p^p) 
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This example shows that it is dangerous to commute the limit q + — > + with the Cauchy 
integration in However, the last term in Eq.(H) is exactly the opposite value of the residue 
that comes from region (II) (P + < k + < P + ) in the limit of P + — > P + . This contribution 
is obtained from the same arguments used in deriving Eq.(|6]). By summing both residues 
the above integration exactly cancels out, as it should be from parity considerations. The 
integral which has k~ in the numerator can be classified as "bad", since it has contribution 
from the pair creation process. 

The Eq.(^]) can be generalized to include any number of denominators. This will be 
important for the study of the j + -component of the electromagnetic current for the composed 
vector particle. The integral presented below corresponds to the general form of the pair 
terms 

-p' + dk + {k + ) n - 1 2/ 3 



lim i 



vj p 2(2^) (p+ - k+)*-*(p'+ - km^h^ - t&on&Wp^ - p^f) 

= _J_V (P + ) n - 1 ■ (9) 

in particular for N = 3 and n — 0, Eq.(^|) reduces to the integrand of Eq.(|6]). 

Now we discuss the "good" component of the current of the composite vector particle. 
For our purpose of presenting the main points on how the pair terms maintain the rotational 
properties of j + in the light-front, we have chosen a ipe'l'y^tp coupling. The four-vector ef is 
the polarization of the vector particle, in the i(= x,y,z) direction. The covariant form of 
j + is given by 



d 4 k Tr[^(jt -P' + m) 7 +(^ - P + m)£(# + m)] 

(2tt) 4 1 ' ' 1 ' ' \(k - P) 2 - m? + ie)(k 2 - m? + ie)((k - P') 2 - m 2 + te) 



where is written in the Cartesian instant-form spin basis, and e" is the final polarization 
four- vector and ef is the initial four-vector polarization. The vector particle four-momentum 



in the Breit-frame are P^ = (P°, -q x /2, 0, 0) for the initial state, and P'** = (P°, q x /2, 0, 0) 
for the final state; P° = m v y/l + rj, where r\ = —q 2 /4m%. 

The regularization function, A(k, P) = C [(k — P) 2 — m 2 R + le] 1 , was chosen to turn 
Eq.fllOD finite. The special form of the regulator, allows to identify a null-plane wave- 
function similar to the one proposed for the pion in Ref. 0. The factor C is fixed by the 
charge normalization. 

The trace in the numerator for the different matrix elements of the current, are written 
for the possible polarization states. The "good" ones, denoted by Tr^, correspond to the 
traces that have dependence only on k + , k± and k~(P + — k + ) m with m = 1,2, 3.... The last 
ones do not contribute in the interval of P + < k + < P' + for q + — > 0+, because the difference 
(P + — k + ) m is of the order of (q + ) m which vanishes in this limit. For the "good" terms, only 
the residue at the spectator particle on-mass-shell pole contributes to the Cauchy integration 
over k~ in the limit of q + — > 0+. This pole in Eq. fllOD is placed on the lower half of the 
complex k~ plane at k~ = {k\ + m 2 — ie)/k + with < k + < P + . 

The traces in the numerator of Eq.fllOD, can be written in the following form 



Tr xx = Tr 9 xx - k~ [k 2 ± + m 2 - f j ^ ; Tr zx = Tr^ - 2k~ [k\ + m 2 - | j ±- ; 

Tr yy = Tr° y ; Tr zz = Tri z + 4k~ (k\ + m 2 - «pj . (11) 

The terms corresponding to the pair production by the photon in the Breit-frame, are 
constructed from 

d 4 k k'(kl + 



B v (q 2 ) = i J—-A(k,P')A(k,P)- 



m 2 - & 



(2vr) 4 v ' ' v ' ' (k 2 - m 2 + te)((k - P) 2 - m 2 + te)((k - P') 2 - m 2 + te) ' 
The Cauchy integration in k~, has two pieces P^(g 2 ) and (g 2 ). In part (I), the residue is 
evaluated at the spectator on-mass-shell pole, which corresponds to the integration region 
of < k + < P + . In part (II), where P + < k + < P + , the pair term survives the limit of 
P + — > P + . It is obtained from the pair term given in Eq.(||), as 

i=2 llj=2,i^jV~Ji "I" Jj, 



where, h = k 2 ± + m 2 ; f 2 = (P-k) 2 ± + m 2 ; / 3 = (P'-k) 2 ± + m 2 ; / 4 = (P-k)l + m 2 R ; / 5 = 
(J* - k)\ + m| . 

The matrix elements of j + are given by the sum of two terms, one comes from the 
contribution of the light-front wave-function for < k + < P + in Eq.(|l(]) and the other 
comes from the pair term obtained with Eq.(|l"3D 

JL = 3tl ~ -iWV); J+ = & J - 2^-B»(q 2 ); j+ = j+ = j+J + . (14) 

77l v Tfl v 

Observe that each matrix element of the current acquires contribution from the pair 
term unless jy y . The angular condition in the Cartesian spin basis is, A(g 2 ) = j+ — j+ = 
jyy — j^ 1 — AB^ 1 (q 2 ) =0 0. It is zero since the matrix elements of the current j£j of Eq.(p^0|) 
have the correct transformation properties for rotation around the x-direction. Note that 
the pair terms not only affect the angular condition but each of the matrix elements of the 
current. 

The violation of the angular condition is a consequence of taking into account only the 
contribution of the residue of the pole of the spectator particle in the Cauchy integration of 



the k~ momentum, as has also been shown in a recent numerical study in this model pi 
The violation of the angular condition is given by, A 7 (g 2 ) = j+J — j+J = 4B H (q 2 ) . The 
rotational symmetry of the "good" component of the current for spin one particle is valid 
if the pair creation process that survives in the Breit-frame is included in the computation 
of the matrix elements. The good component of the current receives contribution from the 
pair term for q + = 0. 

In summary, we have calculated the pair production terms in the electromagnetic current 
of a composite particle, as a result of the integration of k~ in the loop-momentum of the 
triangle diagram for the photon absorption process, in the limit of q + vanishing. The j~ 
component of the electromagnetic current of a composite boson in the light-front coordinates 
is calculated. The residue associated with the virtual pair creation process by the photon 
in j~, survives in the above limit and it is responsible for keeping the covariance properties 
of the current. In one example, we also derive the pair terms which are important for 



maintaining the rotational symmetry of j + , for a composite spin one particle, showing that 
it is not possible to leave out such contribution without violating the angular condition in 
the Breit frame. 
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